Abstract：For vessels operating in the cold climate regions, the ballast water inside or hopper tanks above the waterline may be frozen, starting at the top of the tank and at the side walls. Therefore, countermeasures against freeze-up of the ballast tank such as air-bubbling system, hot steam injecting system, heating coil system and water circulating system are taken to prevent freeze-up phenomenon; however, there are no rigorous investigations of anti-freezing to examine the effectiveness and validity of systems against freeze-up of the ballast tank, in which the temperatures are about -25℃ (ambient air temperature) and 0℃ (sea water), respectively. In this paper, to ensure reasonable specifications for cold regions if the measures from the above-mentioned systems against freeze-up are effective, the phenomenon of ballast tank freeze-up is simulated and discussed in low temperature conditions. With the results using the commercial CFD code, CFX 14, the most cost-effective solution is conducted to prevent being frozen along the outer surface.
Introduction
The low-temperature of the ice-bound sea through which the vessels are to sail require special measures for the hull structure, the outfittings and is crucial to secure safety, reliability, and a reasonable design all at once in a well and reasonably balanced manner according to the required low-temperature environment.
The extremely cold environment of the Arctic and the Antarctic could cause the ballast water, air and vent pipes, valves and section lines to be frozen. It is unlikely that any sizeable tank will be frozen solid since ice acts as an insulator; however,
ice cannot be discharged when the vessel is loading and causes the deadweight capacity to be reduced.
Arrangements are to be provided to prevent water ballast being frozen in tanks adjacent to the shell and located totally or partly above the ballast water line.
There are many systems to prevent ice formation in ballast tanks, and the followings are major This approach would force the customer to invest in expensive measures to prevent the seawater from corroding the steam pipe, either by using a pipe material with high corrosion resistance from the beginning or by using general steel pipes based on the premise of the maintenance during service 2) .
Circulating the ballast water is considered an efficient alternative method because of the natural differences in temperatures in the tank. Moreover air bubbling system achieves the same effect as the circulation. Koo et al. In this paper, to take measures the above stated systems such as the air-bubbling system and the water circulating system, the phenomenon of ballast tank freeze-up is simulated and discussed in low temperature environment if the countermeasures against the freeze-up can be confirmed for an actual need to do so.
Numerical method
The Table 1 . The temperature field was calculated using an eddy diffusivity approximation for the turbulent heat flux. 
Dissipation rate equation of turbulent kinetic energy:
Effective eddy viscosity and shear production of turbulence:
where, 
Results and discussion
The freezing point of water containing the salt depends on salinity. The greater the salinity becomes, the lower the freezing point of sea water is gotten. Sea water with salinity of 35 parts per thousand or corresponding specific gravity of 1.025
to be frozen at -3℃(28.6 ℉) or lower. 
Effects of air-bubbling systems in the ballast tank
The air-bubbling ice-prevention systems keep the water in motion and carry warm water upward from the motion. In this method, the formation of ice on the surface is prevented naturally. To examine the effects of the air-bubbling ice-prevention system and the water-circulating ice-prevention system, 5 cases are considered, as presented in Table 2 . 
Effects of the applied ice-prevention systems in ballast tank
The air-bubbling ice-prevention system and the water-circulating ice-prevention system keep the water in motion and are substituted with warm water upward from the motion. Consequently, the surface of water is agitated continuously to prevent the tank from being frozen. with the force of air bubble, but the water in the circulating system just circulates at the upper side of ballast tank. Hence, it is believed that the bubble ice-prevention system is more effective than that of the water circulating one.
In conclusion, the numerical simulation demonstrates that water in the tank may make it possible for the empty bilge and ballast tank not to be frozen.
Fore peak and after peak ballast tanks are particularly vulnerable to being frozen as they are often exposed to the ambient air temperature, being 
Conclusions
Vessels sailing in cold districts must be designed not only with sufficient strength against ice, but also adequate winterization countermeasures at low temperature about -10 to -20℃ in LMDAT and -20
to -30℃ in the extreme temperature. Then the anti-freezing systems, such as ballast water circulating system and air bubbling system, have been used to the ballast tank navigating in cold region.
In this paper, numerical investigations were conducted to examine effectiveness of the air-bubbling ice-prevention system and the water-circulating ice-prevention system applied to winterization of ballast tank for ships operating in polar waters. Through the results, it became clear that ballast water circulating countermeasures such as the air-bubbling ice-prevention system help to prevent or slow its freezing, and effectively protects ballast water from being frozen by the circulation of ballast water due to the air bubbles trajectories without any heating system.
